Fecal lipid content is usually determined by titrimetric or gravimetric methods, but these methods are time consuming and involve dangerous solvents. We have developed a new method of measuring fecal lipids by Fourier transform infrared spectrometry (FfLR) with an attenuated total reflectance accessory that is fast and requires no solvents. Materials and Methods
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;:. (FfLR) with an attenuated total reflectance accessory that is fast and requires no solvents.
The spectra of stools from 4000 to 750 cm' were analyzed, and the lipid concentrations were measured by using a can all cause maldigestion steatorrhea, whereas defective intestinal absorption leads to malabsorption steatorrhea. The determination of steatorrhea is still the most important means for diagnosing maldigestion-malabsorption syndromes [1] [2] [3] . The microscopic method of Goiffon [4] is widely used to identify steatorrhea, but it cannot replace the direct assay of fecal lipids. Several methods [5] [6] [7] have been developed that are all based on a common three-stage principle: saponification (alkaline hydrolysis) to transform triglycerides to soaps, acid hydrolysis and extraction of fatty acids, and finally gravimetric or titrimetnc assay of fatty acids.
These procedures are time consuming (48 h), are rather difficult to carry out, and use toxic solvents. Other previously developed techniques have other inconveniences. Nuclear magnetic resonance [8] is difficult to adapt to daily laboratory practice; near-infrared spectrometry [2, 9, 10] can be done with instruments such as the InfraAlyser (Bayer,Tarrytown, NY), in which all parameters and particularly calibration curves are fixed by the manufacturer.
Here we describe a method for rapidly measuring fecal lipids that requires no reagents and needs no sample preparation Materials and Methods
STOOL COLLECTION
Stools were obtained from hospitalized patients, some of whom were on a lipid-overload diet (30 g of butter per day), and from outpatients on no special diet. The stools were collected over 3 successive days and kept at 4 "C until analysis, and then carefully mixed together manually before measurement. Quantitative analysis. Standard stools (the training set) were used for calibration. A test set of independent reference samples was used to validate the multivariate calibration method. Natural fattysolutions(olive oil, sunflower oil, and butter) were used to select lipid-specific wavenumbers and build a calibration matrix into which the spectra of calibration samples were entered with their lipid concentrations measured by the reference gravimetric method. The performance of the calibration law was checked in two ways: I) Cross-validation: Each calibrator was successively removed from the matrix calibration and considered an unknown sample whose concentration was predicted by the tested calibration law and compared with the real concentration. Prediction residues were calculated for each calibrator. 
Results

CALIBRATION
Choice of spectral regions. The spectraof oliveoil,sunflower oil, and butter were needed to identify specific lipid wavenumbers (Fig. 1) . Other spectral regions were added to better cope with variations in the fecal matrix. A total of seven analytical regions were selected (Table 1, Fig. 2 ). Specific lipid wavenumbers were determined from the spectrum of the fat. Acquisition was achieved between 1000 and 4000 cm1 on a ETIR spectrometer with an AIR accessory. (Fig. 3) , whose lipid content (as g of lipid/lOG g of stool)had been determined gravimetrically.
These 34 stoolswere considered normal and were used to prepare the calibration matrix. The spectra of these stools were type P1 or P2 (Fig. 4A and B) ,
indicating that the stoolshad a normal water content (80%). The infrared spectrum is changed when the water content is lower: P3 (Fig. 4C) . The consistency of the stoolwas also a selection criterion:
only homogeneous stools (with no visible food or other fragments) with a normal consistency (not liquid, not too tough) were used. The lipid concentration range was 0.5-15.5%.
Cross-validation.
The 34 prediction residues were between -0.49% and 0.78% (Fig. 5) . The regression curve was calculated (r = 0.996):The x-axis is the actual lipid concentration (in
whereas the y-axis is the concentration predicted by PLS (Fig. 6 ). The SEC was 0.352%. The stoolsample was spread on a horizontal AIR accessory equipped with a ZnSe crystal. The spectrum was recorded after automaticsubtraction of the backgroundspectrum before being used for quantitative analysis. 
EXTERNAL VALIDATION
Precision. The resultsare shown in Table 2 Linearity. Fig. 7 shows the results of five dilutions of a butteroverloaded stool with a low-lipid stool. The points correspond to the low-lipid stool (stool B) and to dilutions 1:3, 1:4, 1:8, 1:16, and 1:32. The overloaded stool and the first dilution (1:2) are not shown because their spectra were type P3. There was a good correlation (r = 0.9926) between the dilutions and the predicted values (Fig. 7) . The linearity range was 1-15%.
Prediction ('accuracy).
The 91 residual values of the test set are shown in Fig. 8 and are -2.00-2%, with maximal points at -2.95% and 2.34%. The regression line was calculated (r = 0.917) (Fig. 9) . The SEP is 1.07%.
Discussion
Infraredspectroscopyiscurrentlyused in clinical chemistryonly forthe routineanalysis of urinarycalculi [12, 13] , although a few assays have been done on blood [14] [15] [16] . This report describes the calibration setting and the results of linearity, precision, and accuracy tests for measuring steatorrhea by FTIR spectroscopy. Steatorrhea is a widely used parameter in the diagnosis of malabsorption syndrome. The gravimetric method of Lelong et al. [1] used in our laboratory is simple but time consuming (48 h). It also involves organic solvents (120 mL of ether per sample), which require special supply, storage, and handling A butter-overloaded stool was diluted with a stool having a minimal lipid concentration.
Dilution ratios correlate to predicted lipid concentrations.
conditions. It is an accurate and reproducible method provided that the stools are homogenized and weighed correctly.
We have set up a new procedure to measure fecal lipid concentrations without reagent or sample preparation, using medium-infrared spectrometry and an ATR accessory. This procedure is very simple, involving spreading stools on a crystal and acquiring a spectrum. The lipids are quantified by using appropriate software to calculate the component concentration from a calibration matrix.
The consistency of the stool is an important factor to ensure correct, complete spreading on the crystal surface when the ATR accessory is used. With this sampling mode, the infrared beam enters a tiny thickness; thus, if the sample does not adhere perfectly to the crystal, the quantitative analysis could be incorrect. Hence, stools having particular consistencies (tough, glairy, or containing many visible fragments) were not studied. However, the heterogeneous stools gave similar results to those obtained by the gravimetric method (data not shown). The liquid stools were also discarded. Even if the liquid sample is perfectly spread, the light diffusion by the particles in suspension gives inaccurate results. Liquid samples had the worst repeatability and reproducibility coefficients ( Table 2 ). Water is a major interference in the infrared absorption, especially in the medium-infrared range. MCA is done over spectral bands that have been selected We can envisage selecting a larger and more samples (n = 91).
Sample
representative calibration data set to minimize the SEP down to the SEC (0.352%). The correlation was good (r = 0.917). The from the spectra of olive oil, sunflower oil, and butter. Three distribution of the residual values was uniform for concentraspectral regions are centered on specific lipid absorption bands tions>1%. The points seem to be in the high part of the Fig.  (1744, 1463, 1377 cm ' ), in agreement with others [14, 17] . The for lower lipid concentrations (Fig. 8) , indicating a small overfour other spectral bands cover spectral zones where OH and estimation by FTIR. However, in this case all the residual values NH bands are vibrating, corresponding to water and proteinwere <1.5%. like compounds. These regions should correct for variations due
The technique is reproducible, with intra-and interassay to the chemical composition of the fecal matrix from one stool CVs <10%. The reproducibility is due to the hand-homogenito another. In agreement with the principle of MCA, we used zation operation. This explains why our results are higher several spectral bands rather than the entire spectrum to limit [especially for the lower lipid concentrations ( Table 3) ] than the data used for the matrix calculations.
those of Koumantakis and Radcliff [10] , who used a mixer to Calibration stools were selected for their consistency and homogenize the stools. The CVs for repeatability are very their spectral profiles.
The stools having a normal consistency satisfying (0.11-2.42%).
They confirm the high precision of the gave three types of spectra because of the water content. The FTIR spectrometer for successive measurements on a single wavenumbers for water absorbance are around 3250 and 1635 sample. They are lower than those obtained by Peuchant et al. comparison with the spectra of mono-and polyunsaturated fatty acids and other types of lipid. Of the steatorrhea samples processed in our laboratory, 65% are currently analyzed by infrared spectrometry, and we find that this technique is a good Lipid concentration (g%) -Gravimetric method alternative to gravimetric analysis for measuring steatorrhea. of gases (carbon monoxide) and of calculi.
